Phytosociological studies are an important tool to detect temporal vegetation changes in response to global climate change. In this study, we present the results of a resurvey of a plot-based phytosociological study from Sikkilsdalen, central Norway, originally executed between 1922 and 1932. By using a detailed phytosociological study we are able to investigate several aspects of elevational shifts in species ranges. Here we tested for upward and downward shifts in observed upper and lower distribution limits of species, as well as changes in species optima along an elevational gradient, and related the observed range shifts to species traits that could explain the observed trends. More species shifted upwards than downwards, independently of whether we were investigating shifts in species' upper or lower distribution ranges or in species optima. However, shifts in species upper range margins changed independently of their lower range margins. Linking different species traits to the magnitude of shifts we found that species with a higher preference for prolonged snow cover shifted upwards more in their upper elevational limits and in their optima than species that prefer a shorter snow cover, whereas no species traits were correlated with the magnitude of changes in lower limits. The observed change in species ranges concord both with studies on other mountains in the region and with studies from other alpine areas. Furthermore, our study indicates that different factors are influencing species ranges at the upper and lower range limits. Increased precipitation rates and increased temperatures are considered the most important factors for the observed changes, probably mainly through altering the pattern in snow cover dynamics in the area.
Introduction
Changes in species distribution ranges concordant with expectations from a warming climate have been reported by many studies (e.g. Parmesan 2003 , Rosenzweig et al. 2008 , Walther 2010 . Along elevational gradients, several observations and studies report substantial changes in plant species composition and distribution (Grabherr et al. 1994 , Gottfried et al. 1998 , Klanderud and Birks 2003 , Walther et al. 2005 , Pauli et al. 2007 , Parolo and Rossi 2008 , Kullman 2010 . General patterns from arctic and alpine habitats show an upward trend for species (Grabherr et al. 1994 , Klanderud and Birks 2003 , Lenoir et al. 2008 , Odland et al. 2010 , with dwarf shrub and lowland plant species increasing in abundance (Wilson and Nilsson 2009) , and an elevational advance of the tree line (Kullman 2002 , Harsch et al. 2009 ). The common explanations for these observations have been that it is a consequence of both increased growth, and increased reproductive and dispersal success due to warmer climate, or due to earlier snow melts and hence longer growing seasons (Grabherr et al. 1994 , Gottfried et al. 1998 , Arft et al. 1999 , Körner 2003 , Klanderud and Birks 2003 , Walther et al. 2005 , Pauli et al. 2007 . Downward shifts of species ranges have usually been ignored (but see Frei et al. 2010 , Walther 2010 , because it is thought that this is most likely a result of species interactions and land-use modifications and not because of physical environmental changes (Lenoir et al. 2010a) . Recently, Crimmins et al. (2011) detected large-scale downward shifts in species to track water availability, instead of upward shifts as expected to track increases in temperature.
Most studies show that species respond individualistically to environmental changes (Walther et al. 2002 , Klanderud and Birks 2003 , Parmesan 2006 , Holzinger et al. 2008 , Lenoir et al. 2008 , LeRoux and McGeoch 2008 , Erschbamer et al. 2009 ). Hence, even though an upward shift is the most commonly observed pattern along altitudinal gradients, investigating differences between species showing changes of different direction and magnitude may give us a better understanding of the exact processes behind the dynamic ranges. Dispersal ability, ecological tolerance, and life-form are prominent examples of traits identified to explain differences in range shifts in alpine areas (e.g. Klanderud and Birks 2003 , Lenoir et al. 2008 , Parolo and Rossi 2008 , Vittoz et al. 2009 . If increased nitrogen deposition enhanced the upward range shifts, nitrogen-demanding species would probably have shifted their range more than other species (Körner 2003) , and if changes in the duration of snow cover have influenced the ranges this will be detected by a comparison of range shifts of species that avoid a long snow cover with species that only are found in areas with an extensive snow cover. Changes in land-use have often been discussed in connection with observations of upwards shifts in species ranges (Körner 2003 , Olsson et al. 2004 , Becker et al. 2007 ) but species traits related to these factors are difficult to find and are therefore rarely directly related to range shifts.
The common approach to investigate temporal range shifts has been to resample historic floristic surveys and directly compare species maximum observed elevations (Grabherr et al. 1994, Klanderud and Birks 2003) or species composition on mountain tops (Walther et al. 2005 , Pauli et al. 2007 , Holzinger et al. 2008 , Odland et al. 2010 . Since many of the studies have focused on total species number on mountain summits or on changes in uppermost observations of species (e.g. Grabherr et al. 1994 , Klanderud and Birks 2003 , Holzinger et al. 2008 , information about other aspects of range shifts apart from the upper range limits are generally lacking. However, different types of upward range shifts can be observed (Breshears 2009 , Lenoir et al. 2010a , Walther 2010 . These include shifts in the whole range, i.e. upper and lower distribution limits shift simultaneously, or expansion and/or contraction of only one side of their boundaries (Klanderud and Birks 2003 , Pauli et al. 2007 , Breshears 2009 , Erschbamer et al. 2009 , Crimmins et al. 2009 ). By only focusing on the upper range limit, important information about how species respond to climatic changes are lost, and also information about potential threats to biodiversity. It is, after all, upward movements of the lower limit that will cause local extinction of a species in a mountain region. Comparing changes in the central tendency for a species with changes in the range limits may give valuable additional information on how species respond to environmental changes.
Some recent studies have focused on other aspects of species ranges like variation in species central positions (e.g. mean, optimum) along elevational gradients (Lenoir et al. 2008 , Kelly and Goulden 2008 , Bergamini et al. 2009 , Chen et al. 2009 , Popy et al. 2010 . To enable the detection of a species optimum elevation, presence/absence or abundance data from the main part of the elevational range of a species' occurrence are needed (Wisz et al. 2008 , Lenoir et al. 2008 . The data-set used in this study includes this type of vegetation data allowing for the study of patterns in both extreme (maximum and minimum) and optimum elevation.
In this study, we present the results of a resurvey in a local valley in Jotunheimen mountain area, central southern Norway. In 1922-32, Rolf Nordhagen sampled a large number of vegetation plots with the aim of describing the vegetation of Sikkilsdalen phytosociologically (Nordhagen 1943) . We carried out a similar sampling in 2008 to test for elevational range shifts, looking at changes in upper and lower species distributions, in addition to changes in species optima. Following the findings of Klanderud and Birks (2003) of great changes in species occurrences in nearby mountain areas, we expected significant changes in species elevational distribution limits. In addition to describing the changes, we explore their potential links with biological traits of the species.
Material and Methods

Study site
The study area, Sikkilsdalen, is a part of the Caledonian mountain chain, located in eastern Jotunheimen, central southern Norway, at 61°28' N and 09°00' E (Fig. 1) . It is a 10 km long U-shaped valley stretching from east to west with elevations ranging from 992 m a.s.l. to 1778 m a.s.l. The bedrock consists of gneiss and quartzite rock (Nordhagen 1943) , and is covered by morainic soil generally rich in calcium and phosphate as a result of weathering of the igneous mountain rocks (Nordhagen 1943) .
The climate in Sikkilsdalen is continental with oceanic influence. Average temperature is -10.6ºC in January and 8.8ºC in July, and average precipitation is 66.8 mm and 95 mm in the respective months. The area is normally covered by snow from October to May. Climatic trends between the two study periods show an increase both in temperature and precipitation. Mean annual temperature in the decade prior to the historic inventory (1910) (1911) (1912) (1913) (1914) (1915) (1916) (1917) (1918) (1919) (1920) was -1.0ºC and prior to 2008 (1998-2008) it was -0.2ºC (Fig. 2a) . Mean summer temperature has not changed considerably, but mean temperatures have increased in both spring (-1.9 ºC to -1.6 ºC) and autumn (-0.1ºC to 1.2 ºC) in the previous decades (see Appendix, Fig. A1a, c, e) . Precipitation shows a steady increase throughout the period 1901-2008 (Fig. 2b) , most notably in winter (in form of snow) and spring (Appendix, Fig. A1b, h ). During the decade before the historic inventory, mean annual precipitation was 714 mm, and 1169 mm in the corresponding period before 2008.
A summer farm is located in the eastern part of Sikkilsdalen at approximately 1015 m a.s.l. Sikkilsdalen has a long cultural history which dates back to at least the 16 th century (Vigerust 1949) . Since 1881, the area has been used for grazing for the Norwegian Horse, the Dole, and there were permanent human settlements until 1956 at the summer farm.
Since 1956 land-use has reduced from year-round to seasonal farming (grazing), and the summer farm is now used for tourism. The changes in land-use have resulted in decreased grazing intensity which is expected to be more important in the lowland and alpine area closest to the summer farm. In the 1920-40s, grazing pressure in Sikkilsdalen was imposed by cows, sheep, goats, and horses, where the cows and goats grazed relatively close to the summer farm, and sheep and horses grazed over larger areas (Vigerust 1949) . During the last few decades, horse grazing is approximately the same as before, but cows and goats have disappeared, and sheep grazing has decreased. Reindeer grazing has increased and reindeer were commonly observed during field work in the alpine area in 2008.
The hills in the study area are mainly dominated by birch forest (Betula pubescens ssp. tortuosa (Ledeb.) Nyman) with openings of grassland. Two lakes, separated by a large mire complex, constitute the main valley floor. The mid-alpine belt consists of ericaceous shrubs such as Empetrum nigrum L. and Vaccinium spp., low shrubs (e.g. Betula nana L. and Salix spp.), and small-stature forbs and grasses such as Antennaria spp., Omalotheca supina (L.) DC., Festuca ovina L., etc. The vegetation close to the summer farm is dominated by grasses (e.g. Agrostis capillaris L., Festuca rubra L., Poa pratensis L.) and species thriving in disturbed areas (e.g. Epilobium angustifolium L., Alchemilla spp.). All mountain tops in Sikkilsdalen reach the mid-alpine zone. However, high-alpine species such as Juncus trifidus L., Luzula confusa Lindeb., and Harrimanella hypnoides (L.) Coville can also be found on the mountain tops on poor soil (Nordhagen 1943) .
Vegetation re-sampling
Between 1922 and 1932, Nordhagen conducted a study of the vegetation in Sikkilsdalen to estimate the economical value of the vegetation for grazing (Nordhagen 1943) . Nordhagen described all different vegetation types in Sikkilsdalen, from calcium-poor snow beds to tall-herb communities in birch forests, mires, cliffs, pastures, and aquatic vegetation types. In total, Nordhagen (1943) described vegetation from 1476 plots of mostly 1 m 2 , but 260 plots of 4 m 2 are also included in the analyses (two plots of 16 m 2 were excluded). All these plots were placed in homogenous vegetation of all vegetation types found in an area and vascular plants, bryophytes, and lichens were recorded in the plots. Most of the plots were given an exact elevation (637 plots), or were said to be placed at the valley floor (341 plots). For a substantial number of plots Nordhagen noted an elevational interval for the plots. This was usually done because several plots were then sampled within this interval. The size of these intervals varied between 20 m (68 plots), 25 m (30 plots), 30 m (10 plots), 50 m (220 plots), 100 m (155 plots) and 150 m (15 plots).
In 2008, we re-investigated the vegetation (vascular plants) of Sikkilsdalen during four weeks in August/September. Since the site descriptions in the original study were vague, an exact relocation of the sampling sites was hampered. Vegetation was therefore recorded by sampling as close as possible to the same areas as investigated by Nordhagen using the information about localities and vegetation types Paper I (e.g. tall herb communities, alpine grassland, lowstature shrub vegetation) available. In these vegetation types, plots were placed randomly aiming to capture a comparable variation of vegetation types to the one in Nordhagen (1943) but avoiding the most human-influenced vegetation (e.g. around the summer farm). In 2008, we sampled vegetation from a total of 424 plots of 1 m 2 . For each plot, elevation was measured using a GPS (Garmin eTrex Legend HCx ).
We used similar nomenclature to Nordhagen (1943) , but updated the species names following Lid (2005) . Taxa difficult to separate, such as Hieracium spp., Alchemilla spp. and Taraxacum spp., have been merged to avoid any bias regarding different species definitions and misidentifications.
Statistical analyses Data preparation
Even though efforts were made to have as equal sampling to the original sampling as possible with respect to distribution of elevation and vegetation types, preliminary analyses of the data showed several differences between the two surveys that might have an effect on the analyses. Therefore, to make the two data-sets comparable, data pruning was done before analysing changes in species range limits and species optima.
The first step in the pruning was to remove samples from the historic survey with missing elevation data or those within intervals larger than 50 m (189 samples removed from the historic survey). Samples from the lowest part of the valley from the historic survey were assumed to be between 995 and 1000 m, as indicated from approximate site description and maps. All observations from 2008 lower than 995 m (lowest record 985 m) were set to 995 m because they were sampled at the same locations in the lowest region defined as 995 m for Nordhagen's samples. Because of the low sampling intensity at the highest elevations we excluded all samples above 1550 m a.s.l. (32 samples removed from the historic survey and one sample from the 2008 survey).
The next step in the pruning was to exclude samples from vegetation types that were only found in one of the surveys. This was done using correspondence analysis on the samples of both data-sets together (CA; Jongman et al. 1995, Legendre and Legendre 1998) and removing samples that were found to be outside the range of the other inventory along the two first axes. This resulted in removing 137 samples from the historic survey and two samples from the 2008 survey. A total of 358 samples was removed from the historic survey, and three samples from the 2008 survey, resulting in 1118 samples in the historic survey and 421 samples in the 2008 survey available for further analysis. In the final data preparation we included only species observed more than 10 times in both time periods, reducing the total number from 207 to 106 species that could be analysed.
All statistical analyses were conducted using R, version 2.10.2 (R Development Core Team 2009), and the vegan package for ordination analysis (Oksanen et al. 2009 ).
Changes in species elevational limits
Based on the pruned data-set, a test was developed to evaluate if species distribution limits were observed at higher or lower elevations in 2008 than in the historic survey. Before quantifying the changes, we made the elevational distributions of the samples comparable between the two surveys. The historic survey had more samples at lower elevations, while the original 2008 survey contained a higher frequency of samples from the mid-elevational belt. This bias was corrected for by dividing the samples into 50 m elevational bands and randomly selecting samples from each elevational band so that the ratio of the number of samples from the old survey and the 2008 survey is constant (approximately three times larger in the historic survey). From the resulting 796 samples of the old and 271 samples of the 2008 survey, the maximum and minimum elevation was identified for each species separately for the two inventories. Because each plot was assigned an elevational interval from the historic survey, different values were used when testing whether species had moved upwards or downwards. When testing for upward movement, the uppermost elevation given for each plot from the 1923 survey was used, whereas the lowermost elevation was used when testing for downwards movements. This may result in an underestimation of changes and as a result the tests will be a conservative test of the differences between the two time periods. Restricted permutation tests were developed to test if 1) the highest observed elevation of a species in 2008 was higher or lower than in the historic survey and 2) the lowest observed elevation limit of a species in 2008 was higher or lower than in the historic survey. The use of elevation intervals for each sample from the historic survey restricted the testing by allowing us to only test for upward or downward changes in the extremes in a single test.
Restrictions in the permutation tests were included to allow only samples from the same elevation to be swapped in the permutations. To do this the gradient was divided into the same 50 m elevational bands as above and the inventory identity was randomised only within these bands. Note that the random selection of samples to equalise the elevational distribution of samples between the two inventories described above was done for each permutation. Because the difference in extreme elevation observed is dependent on elevational distribution of samples, we present the mean elevational difference after equalising the distributions, and use Paper I this value in subsequent analyses (e.g. relating the changes to species traits). An approximate p-value was calculated based on how many times the randomised elevational difference was larger than (or equal to) the observed difference in a more extreme direction than was tested for, divided by number of permutations (including the observed) (Edgington 1995, Legendre and Legendre 1998) , i.e. a one-tail test was used, and a p-value of 0.025 or lower was declared to be statistically significant.
Some changes could not be evaluated because sample boundaries did not allow a proper comparison. For example, when testing for upward or downward shifts of maximum observed elevation, we excluded species that were already observed less than 25 m below the highest elevation sampled. This was because the maximum is considered unknown as it could potentially be higher than the highest sample. This procedure excludes species that were found at the highest elevation in the historic survey, but we included species that were found lower in 2008, indicating that the maximum was lower in 2008. Correspondingly, when testing for upward or downward movement of minimum observed elevation we excluded species that were observed at less than 25 m above the lowermost sampled elevation in both the historic survey and 2008. This reduces the number of species testable to 91 species for changes in upper limits and 25 species for changes in lower limits from the initial 106 species for the different tests.
Species optima
Changes in species optima between the two inventories were quantified using logistic regression on the two surveys separately. This is based on a generalised linear model assuming a binomial distribution and using a logit link function (ter Braak and Looman 1986 , Jongman et al. 1995 , Oksanen et al. 2001 , Lenoir et al. 2008 ). This method is commonly used to investigate species relationships along environmental gradients (ter Braak and Looman 1986 , Jongman et al. 1995 , Oksanen et al. 2001 , Lenoir et al. 2008 , where the Gaussian species response curves are fitted to the data. In these analyses, we solved the issue with Nordhagen's use of elevation intervals for each sample by using the mean of the elevation interval. Species optima analysis is less sensitive to sample frequency along the elevational gradients, and the differences in elevational distribution of samples were not corrected for in this analysis (i.e. all samples were kept after the initial pruning). The sensitivity of these analyses to differences in sampling frequency along altitude was also evaluated by using a data-set where the distribution was equalised, but this had only a minor impact on the results. We therefore use the data-set with the initial pruning only in these analyses.
We tested both a linear and a unimodal model against each other and against a null model using a chi-square test. For species with a unimodal response to elevation in both time periods we tested for differences in the optima by estimating the 95% confidence interval of the optima. Based on the coefficients for optimum, tolerance, and maximum probability of species occurrence following ter Braak and Looman (1986) , the 95% confidence intervals of each species' optimum were calculated for the two time periods separately following Oksanen et al. (2001 , see also Lenoir et al. 2008 . Elevational optimum was considered statistically significantly different when the confidence intervals did not overlap, indicating that a change in optimum along the elevation gradient between the two inventories has occurred (Oksanen et al. 2001 , Lenoir et al. 2008 .
Species traits
Species traits were related to observed trends in species ranges by using simple linear regression models. The selected species traits include functional type (forbs, graminoids, shrubs, trees; USDA database), woodiness (herbaceous, woody; USDA database), life-form (based on Raunkiers system, Ellenberg et al. 1991 complemented with Hill et al. 2004) and various dispersal mechanism such as wind (boleochory, meteorochory), animal (endochory, epichory, dysochory, myrmekochory), human (anthropochory), water (hydrochory) and self-dispersal (autochory) (from Landolt et al. 2010) . To evaluate if species show different responses dependent on whether the species are found at high or low elevations, we regressed the species estimated optimum and observed maximum position in 2008 vs. the observed difference between the two time periods. In addition, we used Ellenberg et al. (1991) species indicator values for light, soil moisture, soil reaction, temperature, and nutrients and Hill et al. (2004) values for species not covered by Ellenberg et al. (1991) . We also included the snow-index values developed for Norwegian mountain plants, ranking the species' tendency to occur in snowbeds versus ridges (Odland and Munkejord 2008) , and grazing pressure indicator values as developed by Vigerust (1949) . The latter was estimated by observing how often a species was damaged by grazing in plots spread around in different vegetation stands of Sikkilsdalen. We used the mean value from the different vegetation types to test if the variation in observed distribution shifts could be related to variation in how much a species was grazed in the area. 
Results
Changes in species elevational distribution limits
For changes in species upper elevational limits, 91 species were evaluated. Of these, 20 species are found at statistically significant higher elevations in 2008 than in the historic survey ( Table 1) . Only three species are recorded at significantly lower elevations. For upward or downward movement of species lower elevational limits, 25 species could be evaluated. Of these, nine species are observed at significantly higher elevation. When testing for a decrease in lower elevation limit, no statistically significant downward shift was found for any of the species evaluated. The correlation between the upper and lower limit for the 19 species that could be evaluated for changes in both extremes showed that species have shifted independently in their upper and lower elevational limits (Pearson r = 0.016, Spearman rank rS = -0.06, p > 0.05 in both cases). Three of the 19 species (Euphrasia wettsteinii, Juncus trifidus, Veronica alpina) have shifted both upper and lower elevational limits significantly upwards (Appendix , Table A1 ). Two species (Beckwithia glacialis, Luzula confusa) have shifted the lower elevational limit significantly upwards and at the same time changed the higher elevational limit significantly downwards, i.e. their total elevational ranges have decreased (Appendix , Table A1 ).
Changes in species optima
Species responses along the elevation gradient differ both within and between the two surveys. More species show a unimodal response along the elevation gradient in the historic survey than in 2008, where more species are found to have a linear relationship ( Table 2) . This is probably due to more samples and hence increased power to accept a more complex model in the analyses of the historic survey than the 2008 data set (1126 vs. 421 samples). To avoid this sampling effect we use only those species for which a unimodal relationship is found in both time periods when comparing species elevational optima. We found 45 species with a unimodal response in both the historic survey and 2008 ( Table 2) . Eighteen out of 45 species had non-overlapping confidence intervals (Fig. 3) . Of these, 14 species shifted their optima statistically significantly upwards, while four species shifted their optima statistically significantly downwards. On average, species optima increased significantly upwards by 41.3 m in the time period between the two inventories (paired t-test on optimum in historic and 2008 surveys: t = 3.65, n = 45, p = 0.001).
The observed changes in species upper limits and species optimum between the time periods are highly consistent (Pearson r = 0.57, n = 41, p < 0.001). In contrast, the shifts in optima and minimum observed elevation are negative but not statistically significantly (r = -0.21, n = 9, p = 0.556).
Species traits
Species traits analyses show that species with a higher preference for prolonged snow cover had larger upward shifts than species that avoid long snow cover both for species optima (F = 15.32, n = 22, p < 0.001) and species maximum elevations (F = 15.21, n = 37, p < 0.001) (Fig. 4) . Furthermore, species at higher elevation showed larger shifts in both species estimated optima (F = 20.61, n = 45, p < 0.001) and species maximum elevations (F = 67.27, n = 91, p < 0.001; Fig. 5) .
A corresponding pattern is also found when relating range shifts with species indicator values for temperature, i.e. a significant trend was found indicating that species with a preference for low temperatures had larger shifts in their upper limits than species preferring higher temperatures (F = 6.80, n = 43, p = 0.012; Fig. 6 ). There is also a significant relationship between upward shifts in species optima and species with boleochorial dispersal mechanism (i.e. seeds released by an explosive mechanism and wind dispersed over a short distance) (F = 7.26, p = 0.011).
There are no consistent trends for species of different structure such as forb, graminoid, shrub, and tree, nor for life-form or any other dispersal mechanisms with any of the estimates of range shifts. There is no consistent trend between species upward shifts and species favoured by grazing animals either, and the magnitude of changes in species optima is not significantly related to any of the Ellenberg indicator values other than temperature.
Discussion
Using Nordhagen's detailed floristic survey from the 1920s as a baseline, this study found a general upward trend in species distributions independent of whether observed maximum, observed minimum, or estimated optimum elevation for species is considered. This observed trend is consistent with other studies investigating elevational trends in plant species distributions in European mountains at different scales in time and space (e.g. Grabherr et al. 1994 , Gottfried et al. 1998 , Klanderud and Birks 2003 , Holzinger et al. 2008 , Erschbamer et al. 2009 ).
The magnitude of species range shifts in this study is found to be smaller in comparison with those reported from central Europe where trends are estimated of 27.8 m/decade (Walther et al. 2005 ) and 23.9 m/decade (Parolo and Rossi 2006) in the upper gradient and 29.4 m/decade along the entire elevational gradient (Lenoir et al. 2008) . In our study we found an upward shift after 80 years of 41 m for optimum, 46 m for observed upper limit, and 123 m for observed lower limit. For statistically significant species only, the mean elevation shift is larger, i.e. 82 m for optimum, 192 m for upward shifts in species upper elevation, and 202 m for upward shift in lower elevations. Upward shifts in upper limits compared to lower limits can be limited as species at the uppermost elevations are closer to the mountain summits and are constrained by a lack of land, while species at the lowermost elevations have a better potential to shift upwards. Although a clear upward trend is found for most species in this study there is a large variation between how much the species elevational distribution has shifted, with some species shifting downwards. The different directions and magnitudes of shifts between species indicate that species have responded individualistically to potential drivers for vegetation change between the two study periods. Individualistic responses of species are consistent with several previous studies of range shifts over similar time scales (e.g. Walther et al. 2002 , Parmesan 2006 , LeRoux and McGeoch 2008 . Species specific responses do not appear to be linked to functional traits, as no significant trends between traits and observed range shifts have been detected. The only exception is the significant relationship between upward shift in species optima and species with boleochory dispersal (i.e. short distance dispersal by wind). The relationship between species optima change and boleochory was based on only five species with this particular trait. Considering the many tests performed when relating species functional traits to range shifts, finding one significant relationship is no more than would be expected by chance. We will therefore not put too much emphasis on this finding.
In addition to the different responses of different species, there is little consistency in how species respond when looking at different aspects of the species' distributions. While the general trend is qualitatively similar for the observed upper and lower species limits as well as for species optima, Paper I there are no consistent trends in the magnitude of changes in upper and lower limits. This suggests that the two extremes respond independently within the same species, which in turn indicates that different processes are involved in the shifting of upper and lower elevational limits. Classically, the upper, or cold-end limit, has been explained by tolerance to harsh climate, whereas the lower, or warm-end limit, has often been explained by tolerance to competition (MacArthur 1972 , Brown et al. 1996 , Crawford 2008 ). An alternative explanation for the different response of the two extremes might be that shifts in the upper limit as a response to better climate are dependent on dispersal ability, whereas being able to keep the same lower limit with a warmer climate is dependent on persistence traits, like longevity. An explanation for a decrease in lower elevational limit is also offered by Lenoir et al. (2010a) . They assume that as climate changes, dispersal will delay the invasion of good competitors into the new environment and weak competitors can temporarily move downwards until the optimal competitors in the new climate arrive.
Two of the 19 species pairs (Luzula confusa and Beckwithia glacialis) showed statistically significant trends in opposite directions for the upper and lower limits resulting in a range contraction. Both these species are high-alpine species with low temperature tolerance, narrow distribution ranges, low density in the area, and are assumed to be restricted to high elevations by high maximum summer temperature limits (Dahl 1998) and are among the species in Scandinavia that have been predicted to suffer most from global warming (Saetersdal and Birks 1997) . Species niche modelling predicts that these species would only suffer in the lower part and the range contraction observed in the upper limit of these species is not expected, and is not concordant with the observations made by Klanderud and Birks (2003) where Beckwithia glacialis had retracted via its lower elevation limits, but increased in abundance at higher elevations. One possible reason for the lowering of the upper range of the species could be that snow cover in this high elevational area is actually prolonged. Precipitation has increased giving a thicker snow cover during winter. This increased snow cover could be neutralised by warmer temperatures that, at lower elevations, would result in an earlier snow melt. However, in the high-alpine areas, where the snow melts later, and because the summer temperatures has not decreased (Appendix, Fig. A1c ) the snow may still be plentiful in summer in the highest areas, and an increase in snow cover may have caused habitat loss at the upper elevations for these highalpine species. The increased snow cover may be specific to these western areas of Jotunheimen which receives more precipitation than the eastern part, explaining the difference observed between our study and the study by Klanderud and Birks (2003) .
Most of the studies on range shifts along altitude or latitude identify climate change as the most important variable for upward shifts in species distributions (e.g. Walther 2003 , Lenoir et al. 2008 , Parolo and Rossi 2008 . Support for this explanation is also found in this study as a statistically significant relationship was found between species shifts in upper elevational limit and Ellenberg indicator values for temperature. However, investigating temperature changes and precipitation rates over the investigated period in this study, the changes in precipitation rates are more pronounced (Fig. 2) . This implies that changes in water dynamics and balance may be an important driver for the observed changes, where species associated with moist habitats may have shifted upwards towards drier sites because of enhanced water availability through precipitation. Increased frequencies of species associated with wetter habitats have also been observed by Odland et al. (2010) at different mountain summits close to our study region, and are considered as an indicator of climate change towards a more oceanic climate. Changes in precipitation regime have also been used to explain downward shifts (Lenoir et al. 2010a , Crimmins et al. 2011 . However, in our study region, water demands are probably rarely a limiting factor because the temperature is generally low and the area receives a relatively large amount of precipitation throughout the whole year. Thus, even though there is an increase in precipitation rate throughout the time periods, the observed shifts in species ranges in the study area are probably more directly associated with changes in snow cover duration and pattern than with water availability as such. Although temperature increased during the last 30 years, and species with low demands for temperatures in upper ranges tend to display larger shifts in their upper ranges, the increase in temperature seems to be a more indirect driver of these observed changes. In northern regions, winter and spring events have been shown to have a large impact on plant performance (Aerts et al. 2006 , Kullman 2010 , and in our study area there has been little or no change in summer and winter temperatures between 1920 and today (Fig. 2) . The increase in spring and autumn temperatures are more pronounced (Appendix, Fig.  A1a, e) , and this warming may change snow cover patterns over time by higher melting rates in spring and later snow cover in autumn/winter resulting in longer growing seasons at some elevations. In addition, the precipitation increased more during winter and spring time (Appendix, Fig. A1b, h ), and this can counteract the effect of warmer springs on the length of growing season. That changes in duration of snow cover might be involved in explaining the observed pattern is supported in our study by the observation that several species dependent on long snow cover (e.g. Carex lachenalii, Juncus biglumis, Anthoxanthum odoratum) are found to have major upwards shifts in optima, whereas species typically found in areas with low snow cover during winter (e.g. Juncus trifidus, Arctous alpinus) have not changed their optima. This is confirmed by the highly Paper I significant correlations found between the snow-index values and both species' upper range margins and optimum elevation. Klanderud and Birks (2003) , who did a study of species elevational shifts on mountains close to our study area, used the extended snowfree period to explain increased frequencies of dwarf shrubs (e.g. Empetrum nigrum, Vaccinium myrtillus) and several snowbed related species (e.g. Omalotheca supina, Sibbaldia procumbens, Veronica alpina).
Besides direct effects of climate warming, many studies have discussed increased deposition of atmospheric nitrogen as an important driver for changes in plant elevational distribution in European mountain areas (e.g. Klanderud and Birks 2003 , Körner 2003 , Britton et al. 2009 ). With increased nitrogen deposition due to increased precipitation rates with elevation (Vitousek et al. 1997 , Galloway et al. 2008 , nutrient-demanding species with higher competitive ability may successfully establish at higher elevations, and start interacting with and potentially cause elevational shifts for species of higher elevation with lower demands for nutrients. If this is the case, we would expect upper elevational limits for nitrogen-demanding species to increase and lower elevational limits for species with low tolerance for competition or nitrogen to increase. However, no indication of this is found in our study as we do not find any correlation between species upward shifts and Ellenberg indicator values for nutrients. Klanderud and Birks (2003) reported more pronounced vegetation changes in the eastern areas of Jotunheimen, whereas precipitation rates, and hence nitrogen deposition, are generally higher in the west. This indicates that the observed changes cannot be satisfactorily explained by increased nitrogen deposition.
Changes in grazing pressures may enhance or mask species responses to climate change (Hofgaard 1997 , Olsson et al. 2000 , Körner 2003 , Olsson et al. 2004 , Becker et al. 2007 . Traditional land-use has formed the landscape in Sikkilsdalen for many years, and the end of these activities has resulted in re-growth of forest and succession on abandoned grassland areas in the lower regions of the area (Sterten 1997). In our area it is especially the animals that usually graze relatively close to the summer farms that have decreased markedly in the period between the two surveys (cows and goats have disappeared). Reduced grazing in the lower regions may be the reason for some of the lower optima found for some species (e.g. Luzula pilosa, Cirsium heterophyllum, Gymnocarpium dryopteris). If the reduced grazing intensity has a general influence on the observed upward movement of species in this study, we would expect that species favoured by grazers would have increased in growth and reproduction, and thereby shifted upwards. However, we found no correlation between species distributional shifts and the values for grazing intensity of plant species in Sikkilsdalen (Vigerust 1949) . A possible explanation for the lack of importance of decreased grazing intensity is that the domesticated reindeer populations in the alpine region have increased (Olsson et al. 2004) , which may compensate for reduced grazing intensity by other domestic animals. Thus, apart from some potential impact on species range shifts in the lower part by the relief of grazing we find no indication that changes in grazing regimes have caused range shifts.
Conclusions
This study used a detailed phytsociological survey consisting of a large number of vegetation plots as a baseline to quantify changes in species elevational distributions. By focusing on several aspects of species elevational distributions (i.e. species upper, lower and optimum distribution) a general upward trend in species ranges was found. However, upper and lower distribution limits were found to shift individualistically. Thus, this study demonstrates the importance of considering different aspects of species elevational distributions within the same study, which so far has only rarely been done in other studies (but see Moritz et al. 2008 , Bergamini et al. 2009 , Crimmins et al. 2009 , Lenoir et al. 2010b .
Many phytosociological studies of similar quality to the one used in this study exist in the literature, especially from the European Alps and the Scandes, but resurveying this type of study is still rare, as sampling methods often hamper a direct comparison of vegetation and environment through time. Our study shows that such studies can effectively be used as baselines for studying long-term changes in species distributions along environmental gradients, even when non-permanent plots are used. 
